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Introduction {#sec001}
============

The main goal of psychological research is to predict individuals' future behavior. In order to predict a person's future, researchers have focused on the assessment of explicit as well as implicit attitudes (for overviews, see \[[@pone.0183937.ref001],[@pone.0183937.ref002]\]). Explicit attitudes refer to the construct social psychologists commonly try to assess by means of questionnaires or interviews. For implicit attitudes different tasks and definitions have been proposed. For the present purpose, implicit attitudes can be defined as evaluative responses toward an object, which, in contrast to explicit attitudes, are not necessarily subject to introspection (\[[@pone.0183937.ref001]\] for a discussion of the term implicit see \[[@pone.0183937.ref003]\]). To measure such implicit attitudes, researchers within the last decades have developed different tasks. Thereby, three classes of measures can be differentiated: affective priming tasks, implicit associations tests and approach-avoidance tasks.

Implicit measures {#sec002}
-----------------

### Affective priming {#sec003}

One of the first and most often used implicit measures is the affective priming task \[[@pone.0183937.ref004],[@pone.0183937.ref005]\]. Within this task, participants categorize target stimuli as being positive or negative. Each target stimulus is preceded by a prime. The core idea underlying an affective priming task is that targets sharing the valence of the prime lead to faster categorizations than targets that do not share the valence of a prime. For instance, in order to measure a person's attitude toward chocolate and fruit, one can present on each trial the picture of a chocolate or a fruit as prime stimulus followed by a positive or a negative target stimulus that participants categorize as being positive or negative in valence. If chocolate facilitates responding to positive relative to negative target stimuli, this effect would indicate a positive attitude toward chocolate.

### Implicit association tests {#sec004}

During a typical Implicit Association Test (IAT; \[[@pone.0183937.ref006]\]), participants see stimuli that belong to one of four categories (e.g., positive, negative, chocolate, fruit) and are asked to categorize each stimulus by pressing one of two keys. Two of the four categories (e.g., positive and chocolate) are assigned to the first key, and the two other categories (e.g., negative and fruit) are assigned to the second key. The core idea underlying the IAT is that responses should be speeded up when the two categories of a response are strongly associated with each other. For instance, if a person perceives chocolate very positive, she or he should be faster in responding to chocolate stimuli when the same key has to be pressed for positive stimuli, as compared to negative stimuli.

A task similar to the IAT is the Identification Extrinsic Affective Simon Task (ID-EAST; \[[@pone.0183937.ref007]\]). Like the IAT, the ID-EAST relies on the principle that it is easier to give a response that is associated with positive valence to positive as compared to negative items and vice versa for responses associated with negative valence. For instance, in order to measure the associations of the concepts chocolate and fruit, stimuli of both categories are presented intermixed with positive and negative stimuli. All stimuli are presented in different colors (e.g., green and blue). Participants are instructed to evaluate all stimuli by pressing one key for positive stimuli and the other key for negative stimuli, irrespective of the color of the stimuli. The function of these trials is to link the responses with positive or negative valence. However, for chocolate and fruit stimuli, participants are asked to respond not on the basis of valence but on the basis of the color. In the case of a positive attitude toward chocolate, individuals are expected to respond faster to chocolate stimuli when the same response key is used to identify positive stimuli, as when it is used to identify negative stimuli. Whereas previous versions of the ID-EAST (i.e. the standard EAST) failed to provide a reliable (split-half reliability) or valid (correlations with explicit ratings) measure of attitudes (for an overview, see \[[@pone.0183937.ref008]\]), the ID-EAST has been found to provide scores that were fairly reliable and valid (e.g., \[[@pone.0183937.ref009],[@pone.0183937.ref010],[@pone.0183937.ref011]\]). Moreover, the ID-EAST has been found to perform at a level close to that of the IAT while overcoming some of the limitations of the IAT (e.g., the ID-EAST provides a measure of single attitudes; see \[[@pone.0183937.ref012]\]).

### Approach-avoidance measures {#sec005}

During the last decade, different approach-avoidance measures have been put forward (e.g., \[[@pone.0183937.ref013],[@pone.0183937.ref014]--[@pone.0183937.ref018]\]). The common ground of all these approach-avoidance tasks is the hedonic principle that people approach pleasure and avoid pain (for a review, see \[[@pone.0183937.ref019]\]). Based on this principle it is assumed that positive items elicit a behavioral approach tendency and negative items elicit an avoidance tendency in individuals. Taking advantage of this principle, Chen and Bargh \[[@pone.0183937.ref015]\] let participants respond to positive and negative stimuli by pushing or pulling a lever. The results showed that participants were faster at responding to negative stimuli when pushing rather than pulling the lever, but were faster at responding to positive stimuli when pulling rather than pushing the lever. Brendl et al. \[[@pone.0183937.ref014]\] introduced a slightly different technique. In their studies, they presented participants' name next to either positive or negative stimuli. Participants then moved the presented stimuli with a joystick as quickly as possible either toward or away from their name. The results showed that participants moved positive stimuli faster toward their name than away from their name and vice versa for negative stimuli. Despite using a joystick to measure approach and avoidance tendencies, other researchers measured finger movements toward or away from a stimulus and found similar results (e.g., \[[@pone.0183937.ref013],[@pone.0183937.ref017],[@pone.0183937.ref020]\]).

While the above-reviewed literature indicates that movements toward oneself represent approach tendencies and movements away from oneself represent avoidance tendencies, other research suggests that it is not the movement per se, but rather the context that gives any movement its meaning (e.g., \[[@pone.0183937.ref018],[@pone.0183937.ref021],[@pone.0183937.ref022]--[@pone.0183937.ref024]\]). In line with this idea, in the manikin task \[[@pone.0183937.ref016]\], participants press a neutral key on a computer keyboard to let a manikin run toward or away from a stimulus on a screen. In line with other approach-avoidance measures, the common finding is that participants respond faster to positive stimuli when their response makes the manikin move toward the stimuli than away from the stimuli. Conversely, reaction times are faster to negative stimuli when the response makes the manikin walk away from the stimuli as compared to walk toward the stimuli (see also \[[@pone.0183937.ref025],[@pone.0183937.ref026]\]). When comparing joystick tasks with the manikin task, Krieglmeyer and Deutsch \[[@pone.0183937.ref025]\] found that the manikin task is more sensitive to valence and more strongly related to self-report scales than the joystick task.

Context factors and predictive validity {#sec006}
---------------------------------------

Millar and Tesser \[[@pone.0183937.ref027],[@pone.0183937.ref028]\] assumed that behavior is either driven cognitively or affectively and showed that attitudes measured under an affective focus correlate more strongly with affectively driven behavior than with cognitively driven behavior and vice versa for attitudes measured under a cognitive focus (cf. also \[[@pone.0183937.ref029]\]). Thereby, it has been found that explicit measures are of particular importance for the prediction of deliberate, controlled and cognitively driven behavior \[[@pone.0183937.ref002],[@pone.0183937.ref004],[@pone.0183937.ref030],[@pone.0183937.ref031]\]. Conversely, implicit measures are better predictors of impulsive and affectively driven behavior \[[@pone.0183937.ref017],[@pone.0183937.ref032]--[@pone.0183937.ref037]\]. For instance, Scarabis, Florack and Gosejohann (\[[@pone.0183937.ref037]\], see also \[[@pone.0183937.ref038]\]) assessed the IAT as implicit measure and then let participants chose between a chocolate bar and a fruit while either being in an affective or cognitive focus. The results show that the IAT was a better predictor when participants chose in an affective, as compared to a cognitive focus. When implementing the same focus manipulation and choice options, Genschow and colleagues \[[@pone.0183937.ref017]\] found the same results for an approach-avoidance measure.

In sum, it is well known that implicit measures better predict affective driven than cognitive driven behavior. But which measure actually predicts behavior the best? Bar-Anan and Nosek \[[@pone.0183937.ref039]\] compared seven different implicit measures in terms of psychometric qualities of seven indirect attitude measures across three attitude domains (race, politics, and self-esteem). Specifically, they assessed the Implicit Association Test (IAT; \[[@pone.0183937.ref006]\]), the Brief IAT (BIAT; \[[@pone.0183937.ref040]\]), the Single-Target IAT (ST-IAT; \[[@pone.0183937.ref041]\]), the Go--No-Go association task \[[@pone.0183937.ref042]\], the Affective Misattribution Procedure (AMP; \[[@pone.0183937.ref043]\]), and the Sorting Paired Features task (SPF; \[[@pone.0183937.ref044]\]), as well as Evaluative Priming \[[@pone.0183937.ref005]\] and found overall good psychometric quality. Thereby, the IAT showed highest and the Evaluative Priming lowest quality. Despite this comprehensive comparison of implicit measures, to the best of our knowledge, no study actually compared the predictive validity of different implicit measures against each other. Moreover, while the predictive validity of the IAT is well studied (e.g., \[[@pone.0183937.ref033],[@pone.0183937.ref035],[@pone.0183937.ref037],[@pone.0183937.ref045],[@pone.0183937.ref046],[@pone.0183937.ref047]\]), less is known about the predictive validity of other implicit measures. By implementing a consumer setup, the aim of the present study was, thus, to compare different implicit measures with explicit measures and to test their predictive validity of affectively and cognitively driven choices of chocolate versus fruit. As implicit measures we chose tasks that have been reported to be valid and reliable as well as can be used with pictures as stimuli. That is, we chose a standard affective priming task that has been used previously by Degner and Wentura \[[@pone.0183937.ref048]\]. For an IAT-like task we chose the ID-EAST, because it has been found to perform at a level close to that of the IAT while overcoming some of the IAT's limitations \[[@pone.0183937.ref012]\]. For the approach-avoidance task we applied the manikin task, because it is more sensitive to valence and more strongly related to self-report scales than the joystick tasks \[[@pone.0183937.ref025]\]. Finally, in order to cross-validate the predictive validity of the implicit measures we assessed also two explicit ratings---namely participants' self-reported habit and taste of chocolate and fruit.

Method {#sec007}
======

Ethics statement {#sec008}
----------------

The study was conducted in accordance with the ethical standards of the 1964 Declaration of Helsinki and approved by the rules of the Institutional Review Board from the Faculty of Psychology and Educational Science of Ghent University. All participants provided informed consent at the beginning of the experiment and were informed that participation was voluntary and that all answers were processed and stored anonymously.

Data availability statement {#sec009}
---------------------------

The data file of the study is available from the Open Science Framework database. The URL necessary to access our data is: <https://osf.io/wnp9k/>

Participants {#sec010}
------------

We recruited participants via the participant pool of the Department of Experimental Psychology at Ghent University. We excluded two participants before analysis. One person did not understand the instructions of the tasks due to language problems and one person accidently did the focus manipulation and the choice scenario before the assessment of the measures. The final sample of the study consisted of 91 participants (73 female, 17 male, 1 not reported) with an age ranging from 18 to 48 (*M* = 22.80; *SD* = 5.00). Participants received 10 € in return for their participation and were allowed to take home a snack (i.e. Mars, Snickers, banana or apple) after the study was finished.

Procedure {#sec011}
---------

Upon arrival, participants were seated in separate cubicles and signed an informed consent. We then assessed two explicit measures---that is, tastiness and habit of chocolate and fruit consumption. In order to minimize the influence of carry-over effects of the explicit measures on choice we assessed the explicit measures always first. Afterwards, we assessed three different implicit measures: the manikin task, the affective priming task and the ID-EAST. The order of the implicit measures was counterbalanced across participants. To complete all three implicit measures, participants needed approximately 40 minutes. After the assessment of all measures we induced in half of the participants an affective focus and in the other half of participants a cognitive focus. Participants then completed two different choices. First, they hypothetically chose on paper five food options (i.e. Mars, Snickers, banana or apple). Second, they actually chose one of the chocolate bars or fruits that they were allowed to take home for consumption. Finally, participants were fully debriefed and dismissed.

Materials and apparatus {#sec012}
-----------------------

For the implicit measures, we took eight fruit pictures that included four different pictures of bananas and four different pictures of apples. Chocolate pictures included eight pictures of two different chocolate brands: four pictures of "Mars" and four pictures of "Snickers". For the affective priming task and the ID-EAST we selected from the International Affective Picture System \[IAPS; [@pone.0183937.ref049]\] in addition to the food pictures, pictures that differed in valence, but were equal in arousal. That is, we selected eight negative pictures (i.e. 6200, 9325, 6563, 3185, 2770, 2900.1, 9341, 9584) and eight positive pictures (i.e. 2216, 2209, 8186, 5825, 4610, 5210, 2070, 8162). All pictures had a size of 1024 x 768 pixels.

We conducted the experiment on Asus Eee PC 1215N laptops with Windows 7 as the system software. Instructions and tasks were presented on external 17-inch Dell monitors. Participants viewed the screen from a distance of approximately 45 cm and provided responses on a "QUERTY" keyboard. The implicit tasks were programmed using Tscope5 software \[[@pone.0183937.ref050]\].

Measures {#sec013}
--------

### Self reported tastiness rating {#sec014}

Participants were asked to indicate on 7-point scales ranging from 1 (*not at all*) to 7 (*very much*) how several adjectives applied to Mars, Snickers, banana, and apple. Half of the items were positive (i.e., tasty, pleasant, delicious), whereas the other half of the items was negative (i.e., unsavory, disgusting, unpleasant). To build a relative measure for the self-reported tastiness rating, we first subtracted separately for chocolate and fruit the negative items from the positive items. We then computed the difference between these two scales such that high values indicate a positive taste of chocolate, compared to fruit.

### Self reported habit {#sec015}

On 7-point scales ranging from 1 (*very rarely*) to 7 (*very often*) participants indicated how often they eat each of the different food options (i.e., Mars, Snickers, banana, apple). To compute a relative habit score, we subtracted the mean of the fruit scales from the mean of the chocolate scales such that high values indicate higher habit of chocolate, compared to fruit.

### Manikin task {#sec016}

We used the same food pictures as in all other implicit tasks. The manikin was a simple drawing of a person. Participants were instructed to imagine being the manikin and to move with the manikin by pressing the up and down keys of the keyboard. Following the procedure used by De Houwer et al. \[[@pone.0183937.ref016]\], a trial started with the manikin appearing in either the upper or the lower half of the screen. After 750 ms, a picture of a food option was presented in the center of the screen. Then, participants had to press the appropriate key three times in order to move the manikin up or down the screen. Depending on the initial position of the figure and the movement direction, the figure stopped either at the edge of the screen or close to the picture. The screen turned black 100 ms after the third key press. If participants made an incorrect response, an error message appeared immediately after the first key press for 500 ms. The time between the onset of the stimulus and the first key press served as the dependent variable.

Participants completed two experimental blocks. In one block, participants were instructed to move the manikin as quickly and accurately as possible toward chocolate pictures and away from fruit pictures. In the other block, participants had to move the manikin away from chocolate pictures and toward fruit pictures. The order of the blocks was counterbalanced across participants and each block contained 80 trials. Each block was preceded by 16 practice trials. The manikin appeared equally often in the top half and the bottom half of the screen.

In line with the suggestion from Krieglmeyer et al. \[[@pone.0183937.ref026]\] we discarded trials with incorrect responses (7%) and responses with latencies below 150 ms and above 1,500 ms (l.1% of the correct responses) to prepare data for analysis. In addition, the scores of three participants were discarded, because of a defective number of trials suggesting that the program crashed or that the participants restarted the program themselves after a couple of trials. We log-transformed all latencies. To compute a total manikin score, for each food category (i.e. chocolate and fruit), we first subtracted mean approach scores from mean avoidance scores. Then, we subtracted the fruit score from the chocolate score such as high values indicate a relative strong approach (as compared to avoidance) tendency toward chocolate (as compared to fruit).

### Affective priming {#sec017}

We adapted an affective priming task that was already used by Degner and Wentura \[[@pone.0183937.ref048]\]. As primes, we used the same fruit and chocolate pictures that we used in the other implicit tasks. The target pictures consisted of positive and negative valenced pictures. The task included one training block containing 64 trials in which only the valenced pictures were presented and a second training block of 32 trials in which the fruit pictures were included as trials and one experimental block containing 160 trials. Every trial began with the presentation of a fixation cross for 100 ms. Then, in all blocks except the first training block, a prime stimulus (i.e., chocolate or fruit picture) was presented for 300 ms. After a blank screen of 100 ms a positive or negative picture appeared. Participants' task was to quickly and accurately categorize these target pictures according to their valence by means of a key press (Q = negative vs. P = positive). Participants received for 500 ms instantaneous accuracy feedback after each trial. Within the experimental block, each prime was presented five times in each target condition. To prepare data for analyses, we first deleted all trials with no response (1.1%) and erroneous trials (5.5%). In addition, the score of one participant, who responded with the wrong keys, was deleted. Similarly as in the Manikin task, we deleted responses with latencies below 150 ms and above 1,500 ms (0.2% of the correct responses) and then log-transformed all latencies. To prepare data for analysis, we subtracted the difference between the mean latency of fruit/negative trials and fruit/positive trials from the difference between the mean latency of chocolate/negative trials and chocolate/positive trials. Thus, positive affective priming scores indicate a relative preference for chocolate over fruit.

ID-EAST {#sec018}
-------

We used an adapted version of the picture-based ID-EAST that was introduced by Huijding and De Jong \[[@pone.0183937.ref051]\]. Target stimuli in the ID-EAST were the same chocolate and fruit pictures that we used within the other implicit measures. Positive and negative attribute stimuli were the same stimuli that we used in the affective priming task. In contrast to the other implicit tasks, we used two versions of food pictures. In one version the frame of the food pictures was colored blue and in the other version the frame was colored green. Participants were told that if the picture was not a food item, the meaning of the picture was important. That is, they were instructed to press the positive key (Q) for positive pictures, and the negative key (P) for negative pictures. Participants were also informed that some pictures would be food items. If one of these food items appeared in a green frame, they had to press the positive key; if it was presented in a blue frame, they had to press the negative key. Participants were instructed to respond as fast as possible and as accurately as possible.

The experiment started with a target practice block of 32 trials in which each of the food pictures was presented once in a green frame, and once in a blue frame. This block was followed by an attribute practice block of 32 trials in which the attribute pictures were each presented two times. Finally, participants were presented with four mixed experimental blocks of 32 trials each. In every experimental block, each of the 16 attribute pictures was presented once. Each of the 8 food pictures was presented once in a blue frame and once in a green frame. In all blocks, stimuli were presented in random order.

Each trial started with a fixation cross for 500 ms, followed by the stimulus, which stayed on the screen for 2500 ms. If participants made an incorrect response, a error feedback appeared on the screen for 500 ms. In order to prepare data for analysis we followed the recommendations of De Houwer and colleagues \[[@pone.0183937.ref007],[@pone.0183937.ref012]\]. That is, we first discharged trials of incorrect responses (9.2%). Furthermore, reaction times shorter than 300 ms (0.1%) or longer than 3000 ms (0%) were recoded to 300 and 3000 ms, respectively. Then, we log-transformed all latencies. To compute an EAST total score, we first calculated an EAST score for each food category (i.e., chocolate and fruit) by subtracting positive responses from negative responses. Then, we subtracted the fruit EAST score from the chocolate EAST score such that high values indicate a relative preference for chocolate over fruit.

### Induction of affective or cognitive focus and choice tasks {#sec019}

Before participants chose a snack, they were randomly assigned to one of two focus conditions. The same focus manipulation was already used by Scarabis et al. \[[@pone.0183937.ref037]\]. In the affective focus condition participants imagined a situation in which they would really enjoy eating a bar of chocolate or fruit and were asked to think about which of the two snacks would make their mouths water more. Furthermore, they were asked to close their eyes and to take a moment to imagine the taste of chocolate or fruit. Participants in the cognitive focus condition were also instructed to think about their preference for one of the snacks, but in contrast to the affective focus condition, they were asked to carefully analyze their reasons and to think of at least five arguments concerning the snacks. The processing time for both conditions was limited to 3 minutes. After participants completed the manipulation, we administered two different choices.

### Hypothetical choice {#sec020}

First, we told participants to imagine that they could take home 5 food items. Participants then indicated on a paper questionnaire how many of each food option (i.e. Mars, Snickers, apple, banana) they would choose. Participants were allowed to chose 5 times the same food or to chose different food items. To prepare data for analysis we subtracted the amount of chosen fruits from the amount of chosen chocolate bars. High values indicate a relative preference for chocolate as compared to fruit.

### Actual choice {#sec021}

Second, the experimenter gave participants a plate with a lid on it. On the plate the same snacks that we presented in the implicit measures (i.e. Mars, Snickers, apple, banana) were arranged. When the experimenter lifted the lid, participants were asked to grab one of the snacks. After participants left the lab, the experimenter recorded their choice (0 = fruit; 1 = chocolate).

Results {#sec022}
=======

Correlation among measures {#sec023}
--------------------------

To test how the different measures are related to each other, in a first analysis, we investigated the correlation among all applied explicit and implicit measures. As can be seen in [Table 1](#pone.0183937.t001){ref-type="table"} the two explicit measures (i.e. self-reported tastiness rating and habit) highly correlate with each other, *r* = .65, *p* \< .001. Also, the manikin task correlates with the EAST, *r* = .25, *p* = .019, and marginally with self-reported habit, *r* = .20, *p* = .061. All other measures did not correlate with each other.

10.1371/journal.pone.0183937.t001

###### Intercorrelations between all explicit measures (tastiness rating, habit) and implicit measures (manikin, affective priming, EAST).

![](pone.0183937.t001){#pone.0183937.t001g}

                          1\.   2\.                                          3\.                                         4\.   5\.
  ----------------------- ----- -------------------------------------------- ------------------------------------------- ----- ------------------------------------------
  1\. Tastiness rating    \-    .65[\*\*](#t001fn003){ref-type="table-fn"}   .08                                         .03   -.03
  2\. Habit                     \-                                           .20[^†^](#t001fn001){ref-type="table-fn"}   .00   .15
  3\. Manikin                                                                \-                                          .12   .25[\*](#t001fn002){ref-type="table-fn"}
  4\. Affective priming                                                                                                  \-    .07
  5\. ID-EAST                                                                                                                  \-

^†^*p* \< .07

\**p* \< .05.

\*\* *p* \< .001.

Prediction of choice {#sec024}
--------------------

To test whether the administered measures predict choice, we ran two regression analyses for each measure. First, we applied multiple regression analyses in order to predict the hypothetical choice on paper. In line with Aiken and West \[[@pone.0183937.ref052]\] we first z-standardized all continuous variables. We entered the dummy-coded focus manipulation (0 = affective, 1 = cognitive), each measure, and the interaction between the manipulation and each measure as predictors. Second, we ran logistic regression analysis with the MODPROPE macro \[[@pone.0183937.ref053]\] in order to predict actual choice. We entered the different measures (z-standardized) as predictor and the dummy-coded focus manipulation (0 = affective, 1 = cognitive) as moderator into the equation.

### Self-reported tastiness rating {#sec025}

In a first analysis we investigated the predictive validity of the self-reported tastiness rating on the hypothetical choice. The results of the regression yielded a significant main effect of tastiness rating, *β* = .66, *t* = 7.94, *p \<* .001, indicating that the tastiness rating predicted choice across both focus manipulations. Neither the main effect for the focus manipulation, nor the interaction between the focus manipulation and the tastiness rating were significant, *β*s \< .08, *t*s \< .70, *p*s \> .48.

In a second analysis, we ran logistic regression analysis with actual choice as dependent variable, the tastiness rating as predictor and the manipulation as moderator. Again, the main effect for the tastiness rating was significant, *b* = .86, *SE* = .40, *p =* .033, indicating that the tastiness rating predicted choice across both focus manipulations. Neither the main effect for the manipulation, nor the interaction between the focus manipulation nor the tastiness rating were significant, *p*s \> .60.

### Self-reported habit {#sec026}

To test the predictive validity of the self-reported habit score, we ran the same regression analyses. For the hypothetical choice the regression yielded a significant main effect for the habit score (*β* = .57, *t* = 6.30, *p \<* .001) indicating that the habit rating predicted choice across both focus manipulations. The main effect for the manipulation and the interaction between habit and manipulation was not significant, *β*s \< .07, *t*s \< .63, *p*s \> .53.

When predicting actual choice, the logistic regression analysis yielded a marginally significant main effect for the habit score, *b* = .59, *SE* = .31, *p =* .055. Neither the main effect of the manipulation nor the interaction between habit and the manipulation was significant, *p*s \> .18.

### Manikin task {#sec027}

When analyzing the manikin task, the results indicate that the manikin task was neither a significant predictor of hypothetical choice (*β* = .16, *t* = 1.40, *p =* .164), nor for actual choice (*b* = .46, *SE* = .33 *p* = .17). For both dependent variables, neither the focus manipulation, nor the interaction between the manikin task and the focus manipulation were significant, *p*s \> .13.

### Affective priming {#sec028}

The same analyses for the affective priming as predictor yielded no significant results at all, *p*s \> .16. The only trend that could be detected was a marginal significant main effect for the affective priming task for the prediction of hypothetical choice, *β* = .18, *t* = 1.70 *p =* .094.

### ID-EAST {#sec029}

For the ID-EAST as predictor, the regressions did not yield any significant effects nor trends, *p*s \> .39.

### Incremental predictive validity {#sec030}

To test which of the measures contribute to the prediction of choice independently from each other, we, first, computed a step-wise multiple regression analysis in order to predict hypothetical choice. As predictors, we entered the self-reported tastiness rating, self-reported habit, the manikin score, the affective priming score, the ID-EAST, the dummy-coded focus manipulation (0 = affective, 1 = cognitive), as well as all interactions between the focus manipulation and the different measures. The regression suggests a model with self-reported tastiness (*β* = .67, *t* = 8.54 *p \<* .001) and the affective priming score (*β* = .17, *t* = 2.20 *p =* .031) as predictors. Adding any of the other predictors does not increase the predictive validity of the hypothetical choice.

For actual choice, we ran a logistic regression with the same predictors. The results indicate that the best predictor is self-reported habit, *b* = .87, *SE* = .28 *p =* .002. Adding any other predictor does not improve the prediction.

Reliability of implicit measures {#sec031}
--------------------------------

In a further analysis, we tested the split-half reliability of the implicit measures. First, we computed the manikin score, the affective priming score and the ID-EAST score separately for even trials and for odd trials. Second, we computed the Spearman-Brown coefficient in order to test the reliability of the implicit measures. The results yielded *ρ\** = .90 for the manikin task indicating high reliability. However, the Spearmen-Brown coefficient for the affective priming task (*ρ\** = -.11) and the ID-EAST (*ρ\** = -.02) were negative indicating non-reliability.

Discussion {#sec032}
==========

Past research suggests that implicit measures are good predictors of behavior. Thereby, it has been demonstrated that implicit measures are especially good predictors of impulsive and affectively driven behavior \[[@pone.0183937.ref017],[@pone.0183937.ref032]--[@pone.0183937.ref037]\]. However, to the best of our knowledge, no study actually tested which implicit measure best predicts behavior. Therefore, in the present study we applied three implicit measures (i.e., manikin task, affective priming, ID-EAST) and tested their predictive validity of either affectively or cognitively driven consumption behavior. To cross-validate the predictive validity of the implicit measures we assessed in addition two explicit measures (i.e. self-reported habit and tastiness).

Correlational analyses among the implicit measures show that the manikin task correlates with the ID-EAST, but the affective priming task does not correlate with any of the implicit measures. This indicates that the manikin task and the ID-EAST share variance independent from the affective priming task. This might be due to similarities and differences between the tasks' characteristics. In the manikin task as well as in the ID-EAST, participants respond to the target stimuli (i.e. chocolate and fruit) by the selection of two key-presses that are related to valence. However, in the affective priming task, participants respond not at all to the target category. Here, the target stimuli are the primes that precede either positive or negative stimuli and participants respond to the positive and negative stimuli, but not to the target stimuli itself. Thus, it might well be that this difference in the response accounts for the lack of correlation among the measures.

When testing the association of the implicit measures with consumption behavior, we found that the manikin task marginally correlates with self-reported habit. All other implicit measures did not correlate with any self-reported measure. When testing the predictive validity of all measures, the results indicate that the two explicit measures (i.e. self-reported tastiness and habit), but not the implicit measures (i.e., manikin task, affective priming, ID-EAST), predict consumer choice across both foci very well. Further regression analyses testing the incremental validity of the different tasks indicated that the explicit measures were the best predictors of choice. When adding the implicit measures into the regression equations only the affective priming task could add some variance in explaining consumer choice. This overall pattern suggest that explicit measures are better predictors of consumer choice than implicit measures.

An interesting question is why the implicit measures showed rather low predictive validity. First, a possible reason may lay in the reliability of the tasks. Psychometric theory has shown that unreliable tasks are less likely to correlate with other tasks (cf., \[[@pone.0183937.ref054],[@pone.0183937.ref055]\]). Both, the ID-EAST and the affective priming task were unreliable and may, thus, suffer from lack in predictive validity. In contrast, the manikin task showed high reliability, but did not show high predictive validity for consumer choice. A plausible reason may lay in our chosen consumer products (fruit vs. chocolate), which do not very much differ in valence. While past research has shown that approach-avoidance tasks are sensitive for stimuli differing in valence \[[@pone.0183937.ref013]--[@pone.0183937.ref016],[@pone.0183937.ref018],[@pone.0183937.ref020]\], our research indicates that such tasks might be less sensitive for stimuli that differ to a smaller degree in valence. Second, another reason for the bad predictive validity might be lack of power. In fact, it could well be that with more participants in our sample some correlations would have become significant. However, even if this would be the case, it would indicate that the predictive validity of the implicit measures is rather low and not as high as the predictive validity of the explicit measures. Third, we have to mention possible demand effects that could explain the good predictive validity of explicit measures in dispense of the implicit measures. That is, during choice, participants may still have remembered their explicit ratings and then went along with their previous indication. Unfortunately, we cannot rule out this alternative explanation although we tried to reduce potential demand effects by assessing the explicit measures as the first measures in the hope that the impact of the assessment of choice would be minimized by such a procedure. However, we cannot rule out the potential influence it may had. Fourth, it could be that the large number of trials across all the implicit measures induced noise into the data, because participants started habituating to the stimuli. In order to deal with this issue we recommend for future research between-subject designs in which only one implicit measure per between-factor is applied.

Another limitation of our experiment concerns the focus manipulation. While other studies found that by applying the same manipulation implicit measures better predicted choice in the affective focus condition than in the cognitive focus condition \[[@pone.0183937.ref017],[@pone.0183937.ref037],[@pone.0183937.ref038]\], we were not able to replicate such a finding. There might be a couple of reasons why this is the case. First, past research used different tasks in order to predict behavior than we did. Genschow and colleagues \[[@pone.0183937.ref017]\] found that another approach task, but not a similar affective priming task, predicted consumer choice in the affective, but not in the cognitive focus condition. Scarabis et al. \[[@pone.0183937.ref037]\] as well as Smith and Nosek \[[@pone.0183937.ref038]\] used an IAT and found increased predictive validity in the affective, as compared to the cognitive condition. It might well be that our applied tasks are not as much dependent on the mode of choice as the tasks that have been assessed by other researchers. However, future research may test this interpretation in more detail by applying other manipulations and by comparing other tasks with each other. Second, it might be that due to the fact that participants saw the stimuli within all tasks many times, they started thinking about the stimuli already before the manipulation, which could have diminished the effectiveness of the affective focus manipulation. In addition, for both manipulations we gave participants 3 minutes time. Potentially, 3 minutes could have been too long for the affective focus manipulation, so participants started elaborating on the food stimuli, which in turn might have diminished the affective manipulation even more strongly. Third, the affective focus manipulation might have manipulated different forms of affect. That is, research has shown that affect is related to fast and intuitive decisions (e.g., \[[@pone.0183937.ref056],[@pone.0183937.ref057]\]), but also to emotions (e.g., \[[@pone.0183937.ref058]\]). These two different forms of affect might not influence choices in the same direction and might, thus, have, diminished our manipulation. Future research should consider disentangling different forms of affect in order to establish a more precise manipulation. Fourth, it might be that our manipulation actually did not work. That is, the manipulation failed in inducing an affective and cognitive focus. Although we followed the procedure of other research, we cannot rule out this alternative explanation. One may argue that a manipulation check would have allowed gaining knowledge about the effectiveness of the manipulation. However, to the best of our knowledge, such a manipulation check does not exist in the literature and has, thus, never been previously applied.
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